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In higher order calculations a number of new technical problems arise: one needs diagrams in arbitrary di- 
mension in order to obtain their needed e-expansion, zero Gram determinants appear, renormalization produces 
diagrams with 'dots' on the lines, i.e. higher order powers of scalar propagators. All these problems cannot be 
accessed by the 'standard' Passarino-Veltman approach: there is not available what is needed for higher loops. 
We demonstrate our method of how to solve these problems. 



1. DIANA 

We are moving in the direction of two-loop 
Bhabha scattering, which is extremely important, 
in particular at higher energies, for the luminos- 
ity determination of the coming accellerators. By 
means of DIANA |i]|2||| we produced the follow- 
ing one- loop diagrams: 
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Diagram 5; topology u5_ 



Diagram 2; topology u2_ 



Diagram 7; topology u7_ 




Diagram 9; topology u8_ 
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Diagram 1 0; topology u9_ 
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Factorizing one-loop contributions are obtained 
e.g. in mass-renormalization: in any Feynman 
diagram we replace 
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k 2 — (m 2 + (5(m 2 )) k 2 — ,,. 
thus obtaining 'dotted' diagrams 
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2. Calculation of 1-loop integrals 

The evaluation of one-loop integrals as used 
here was introduced in detail in Q . The method 
exists in first reducing tensor integrals to scalar 
ones in higher dimension and higher indices (i.e. 
higher powers of scalar propagators). Before fur- 
ther reducing these scalar integrals arready the 
on-shell conditions can be implemented and the 
amplitude decomposition performed. The reduc- 
tion to 'master integrals' is performed by the use 
of recursion relations. One of these, reducing the 
space time dimension, is given by: 
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where the objects Q) are Gram determinants. 
As a particular problem occurred in this connec- 
tion zero Gram determinants , i.e. 
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To increase again the dimension d, one then uses 
the relation 



and exchanging t and u. These relations also 
hold for crossing diagrams 7 to 10 (s and u ex- 
changed). For the crossing of 7 and 8 (s and t 
exchanged) only a change of sign occurs in the 
amplitudes. Thus: we need to calculate only 
one selfenergy, vertex and box. 



3. Decomposition of the diagrams into 
Amplitudes 

In order to avoid 75, we decompose the amplit- 
des in terms of the following 12 structures: 

Ox=I I, 2 =pi-I, 3 = I-p 2 , 

O? = 7/i • "f^P2, 8 = w ' 7^ 7am 

O9 = l^lvPA ■ lulfj,, O w = 7^7^ • 7„7 /1 p2, 

On = 7m7^P4 • lultiVi, O12 = 7fu7v7/=> ' 7p7^7m- 

Thus the on-shell diagrams read 
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Diagram = Aj Oj . 

j=i 

with amplitudes Aj. Finally we obtained 'cross- 
ing relations' like e.g. crossing diagrams 8 and 9 
into each other: 
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Further relations between amplitudes of one 
diagram (obtained by solving a system of equa- 
tions) are: 

A3 = A 2 
A 7 = A 6 



A w = A 9 
8 = 4 1 ~ ~t 2 
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Thus: 
tudes. 

The amplitudes for any of the diagrams, even 
for non-zero electron mass, are relatively short. 
They were presented in the talk and can be ob- 
tained from ACAT's webpage What remains 
to do is to expand the master integrals, given in 
arbitrary d, in s,(d = 4 — 2e) in order to ob- 
tain properly all finite contributions. This work 
is presently being done. 
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